Abstract-In this paper, the performance of a SISO system, a 2 × 1 MISO Alamouti transmission system and a 2 × N MIMO Alamouti transmission with maximum ratio combining (MRC) receiver system is studied in terms of mean flow throughput per user. A dynamic study (dynamic number of active users) is derived considering the downlink Rayleigh channel in a multicellular system. Two assumptions are considered: admission control based on a maximum number of users or no admission control. The studied cell is divided into concentric rings. Analytical expressions of the mean flow throughput of a user in each ring are proposed. A comparison between the performance of the different systems is presented and discussed.
I. INTRODUCTION
MIMO systems have been deeply investigated during the last years. They have been proven to achieve better performance in terms of capacity through the multiplexing gain [1] and in terms of reliability through to the diversity gain [2] . A tradeoff between these two promised gains have been established [2] . Space-time codes [3] was introduced as a technique permitting to achieve this tradeoff. In this context, the Alamouti code was proposed in [4] as a space-time code meeting the diversity multiplexing tradeoff for a 2 × 1 MISO system. Many other techniques have been proposed to exploit antennas diversity. The maximum ratio combining (MRC) [5] is a reception technique achieving the maximum receive diversity. All these techniques have been studied for a constant traffic demand.
In the present work, we will consider a dynamic traffic demand. This assumption has been considered in [6] , where authors derived an analytical performance study for downlink data channels with dynamic traffic demand in a single cell system considering path loss effect. In [7] , the same authors, derived upper and lower bound of the flow throughput in a multi-cell SISO system taking into consideration again the path loss effect. In [8] , the author studied the influence of the proportional fair channel-aware scheduling on the mean user throughput when considering a dynamic set of users.
In this paper, we extend these results by deriving an analytical performance comparison between SISO, 2×1 MISO Alamouti and 2 × N Alamouti with MRC receiver systems in a dynamic traffic demand context for downlink data channels. We consider a time-shared system where each user transmits in a different time slot. The cell being divided into concentric rings, we compare the flow throughput of each system in each ring with or without admission control.
The reminder of the paper is organized as follows. In section II, we describe the three system models. In section III, we introduce the fluid model allowing us to obtain an approximation of SINR expression simplifying the analytical study in a multi-cellular environment. Section IV presents the dynamic traffic model used in our analysis and the analytical expressions of the mean flow throughput. In section V, systems performances are presented and discussed. Finally, section VI concludes the paper.
II. SYSTEM MODELS

A. SISO System
Consider a SISO multi-cellular system and consider a single user per cell. The base-station (BS) common transmit power is denoted P T . The signal received by a user served by the BS 0 and interfered by B BSs is given by:
where h j is the flat fading Rayleigh channel gain between the BS j and the considered user, x j is the signal transmitted by BS j and n is the additive white Gaussian noise.
is the power received by the user from BS j including the path loss term, where K is a constant, d j is the distance between BS j and the considered user and η > 2 is the path-loss exponent.
The output SINR at the considered user can be written as:
In an interference limited system the SINR can be approximated by:
where
Since we considered Rayleigh flat fading, it can be easily noticed that X SISO is exponentially distributed with probability density function (PDF):
Using the central limit theorem for causal function [9] , the PDF of Y SISO can be approximated by a Gamma distribution and is given by:
where ν = E(y) 2 var(y) and δ = var(y) E(y) are given by [10] :
Using the PDFs (1) and (2) we can derive the PDF of the SINR for a SISO system as:
B. MISO Alamouti System
Consider, now, a MISO Alamouti multi-cellular system where each BS is equipped with two antennas and the users' equipment with a single antenna. All BSs use the Alamouti code to transmit their data. At the receiver the signal is multiplied by the Alamouti receiver (see e.g. [11] ). By pre-multiplying the received signal by the channel transpose conjugate of the channel H 0 , the signal at the receiver becomes:
where x j is the symbols vector transmitted by BS j; h i,j is the flat fading Rayleigh channel gain between the antenna i of BS j and its user (the flat fading is assumed to be quasi-static over the two channel use periods); and n is the additive white Gaussian noise vector with covariance matrix σ 2 n I. P j is the received power from the j th BS (P 0 is the power received from the serving BS) including path-loss. The output SINR per stream is, hence, given by:
In an interference limited system, the SINR of the MISO Alamouti system can be again approximated as:
From [10] , the PDF of X Alam is given by:
and the PDF of Y Alam is approximated by:
. α and β are given by [10] :
and = −0.0187. Following the same method as for (4), the distribution of γ Alam is given by:
C. MIMO Alamouti System with MRC Receiver
We now assume that BSs are equipped with 2 antennas and user equipments with N antennas. An MRC receiver combines the received signals from the N antennas. In a interference limited environment, the SINR can still be written as:
, and h n,i,j is the flat fading Rayleigh channel gain between the i th antenna of BS j and the n th antenna of the served user. From [12] , the distributions of X MRC and Y MRC are given by:
where υ and τ are given by:
and ζ = 0.0043. The distribution of γ MRC can be calculated as for (4), and is given by:
Note that setting N = 1 in (9) yields (7).
D. Fluid Model Approximation
To derive an outage probability expression depending only on the distance between the considered user and the serving BS we use the fluid model approximation described in [13] . The fluid model concept consists in replacing a fixed number of BSs by an equivalent continuum characterized by a given density. Let us define:
For an infinite homogeneous network and a BS density ρ BS , the fluid model permits to write g(η) as:
where R c is the considered cell radius and r is the distance between the considered user and its serving BS. In terms of g(η), the parameters of the outage probability of the multi-cellular SISO system given by ν and δ (3) can be written as:
Similarly, the parameters of the MISO Alamouti system α and β (6) are given by:
and the parameters of the MIMO Alamouti with MRC receiver system υ and τ (8) are given by:
III. DYNAMIC TRAFFIC STUDY
We now assume a dynamic system where users randomly enter the network, download a file and go out of the system. We are interested in the user throughput.
A. Traffic Model
We consider a cellular network with a time-shared downlink. The scheduler is fair in slots: when there are n active users, each one receives 1/n proportion of time for data transmission. We assume a uniform traffic demand in the cell, flow sizes are independent and identically distributed with a mean flow size equal to V . The data flow arrival process is Poisson with an intensity per surface area λ.
Let us divide the cell in K concentric rings around BS 0 defined by ranges R k , k ∈ {1, ..., K }, R K = R c and
c . The service time in ring k is V/c k , where c k is the average throughput in ring k. So the load generated by ring k is ρ k = λπR 2 c V p k /c k and the cell load is:
is the cell capacity.
With the model proposed in the previous section, we are able to compute c k :
where D(r) is the mean achievable rate at distance r and is given by:
In case of no admission control, the flow throughput of a user in the ring k is then given by [6] :
We now consider an admission control based on a maximum number, m of active users. This number of users can be chosen in order to ensure a minimum rate c min , hence,
In this case, the flow throughput in ring k is given by [6] :
We now derive the mean achievable rate D(r) for each considered system.
B. SISO System
The mean achievable at rate a distance r for a SISO system, is given by:
where 2 F 1 is the hypergeometric function, and ν(r) and δ(r) are given by (10) .
C. MISO Alamouti
The mean achievable at rate a distance r for the MISO Alamouti system, is given by:
After integration by parts, D(r) can be written as:
D. MIMO Alamouti with MRC Receiver
At a distance r, the mean achievable rate for a MIMO Alamouti coded system with an MRC receiver can be written as:
IV. SYSTEMS PERFORMANCE
In this section we will study the performance of the three previously introduced systems with and without admission control.
A. Assumptions
In all case, we consider a mean flow size of V = 2 Mbits, a channel bandwidth of 5 MHz and a cell radius R c = 1 Km. The cell is divided into five concentric rings characterized by radii 0.2, 0.4, 0.6, 0.8 and 1 Km.
Average throughputs c k are obtained using Mathematica TM from (15). As suggested in [14] for LTE, the Shannon formula has been multiplied by a loss factor of 0.6 in order to take into account imperfect rate adaptation. Moreover, in all calculations, we consider that users are located at distances higher than 0.05 Km from the BS.
B. No Admission Control
Based on the equation (17) we calculate the mean flow throughput in each ring for SISO, the MISO Alamouti and the MIMO Alamouti with MRC systems. Fig. 1 presents a comparison between the mean flow throughput of the SISO system and the 2 × 1 Alamouti system as a function of the cell load ρ. In terms of achievable throughputs, MISO Alamouti slightly outperforms SISO, especially in the inner rings. Performances are lower at cell edge. Note that our analysis does not focus on the outage probability (see [10] for a detailed study on this question), which Alamouti is clearly advantageous for. For SISO, MISO Alamouti and MIMO Alamouti with MRC, the cell capacities are respectively 6.17, 5.99 and 8.83 Mbps (see (14) ). This confirms the phenomenon observed in [10] : although Alamouti scheme greatly improves the outage probability at cell edge compared to SISO, it also provides relatively lower SINR at cell center. The two effects almost compensate and the cell capacities are similar. In contrast, the use of MRC significantly improves cell capacity.
C. With Admission Control
We now consider a minimum guaranteed rate c min = 0.5 Mbits/s. The maximum number of active users in the cell can be obtained using (18) and is 12, 11 and 17 for SISO, MISO Alamouti and MIMO Alamouti with MRC resp. Based on this admission criterion, we compare the performance of our three systems. Fig. 3 illustrates a comparison between the flow throughput of the SISO system and the 2×1 Alamouti system as a function of the cell load. We notice that when ρ → 1, the throughput of cell edge users tends to c min . Then, cell capacities and maximum number of users being similar for the two systems, we obtain results in conformity with what has been observed without admission control. From a mathematical point of view, it is not difficult to see that (19) decreases more rapidly when m increases. More intuitively, the MIMO system accepts more users (17 instead of 11), so that the cell capacity (although higher) is divided in smaller pieces than with MISO. The loss is particularly visible for inner rings, i.e., users in the center of the cell. V. CONCLUSION In this paper, analytical expressions of the mean flow throughput have been derived for three systems: a SISO system, a MISO Alamouti transmission system and a MIMO Alamouti transmission with MRC receiver. The performance study has been derived assuming or not admission control. Performance results show that the MISO scheme does not bring enhancement over SISO in terms of flow throughput, although gains are obtained in terms of outage probability. Only the addition of MRC at the receiver, on top of the Alamouti scheme at the transmitter, brings significant improvements.
